Abstract. In this article a set of procedures for data preprocessing of GPR radargrams are presented. Raw data taken from GPR are affected by different noises and instability of equipment.
Introduction
GPR (Ground Penetrating Radar) has been the widely used for almost twenty years in archeology, geology, civil engineering. Number of applications in which it is used is still growing. This article presents some aspects of surface penetrating radar applications based on electromagnetism science, geophysics, signal and image processing. Signal and image processing is a critical part of GPR GPR sends EM waves in the ground and then collects backscattered echoes. GPR acquires signal traces (Ascans) moving along survey line. This raw data is then collected to form 2D GPR profile (B-scans). By moving antennas on two dimensional grid, we can get threedimensional images (C-scans). Unfortunately the image created from this data is not in the form easy to understand because of scattering and diffraction so some procedures processing these data are necessary. The signal received by the GPR is at first an echo of the air-ground interface, than later in the time there appear reflections on target and clutter (background noise produced from subsurface reflections) in the subsurface. Reduction of clutter is a first procedure in the data preprocessing. Simple block -diagram of GPR system is presented in Fig. 2 . and typical GPR data set in Fig. 3 .
The data in this form, as seen in the Fig. 3 
Data Processing
Normal radar data processing consists of three main tasks [5] :
• selecting an adequate data processing flow 
Data Processing and Interpretation
Scientists working with GPR for various types of subsurfaces found that the principles of seismic stratigraphy could be applied to the interpretation of radar reflection profiles. Many of the methods used for seismic processing were adopted for GPR, especially those basic steps. However GPR waves are not seismic so there are some differences between them (i.e. form and nature of pulse GPR is more complex, attenuation and dispersion are more extreme). More advanced seismic-based processing algorithms cannot be used with GPR data. GPR data are much more influenced by clutter so procedures improving signal/noise coefficient are necessary.
Preprocessing phase -signal and image processing techniques
In this article we concentrate on simple pre-processing methods which can be applied first to each individual 
Signal processing
Methods for the preprocessing phase • Radargram size reduction by discarding late-time arrivals reduces the size of the GPR data matrix by discarding the late arrivals.
• Per-trace subtraction (removal) of the DC component removes the DC component (arithmetic mean) from each trace of the GPR image.
• Wow elimination -dewow (or signal saturation correction) applies a running average filter to each trace to remove the initial DC signal component and low- (Fig. 4 ).
• Deamplification of raw DZT (GSSI) data (removal of DZT Header Gain) (not for MALA GPR).
• Data amplification by Standard Automatic Gain Control (Standard AGC), data amplification by Gaussian-tapered Automatic Gain Control (Gaussian-tapered AGC).
• Data amplification by the Inverse Power Decay ap- • Global Background or mean trace subtraction. With this kind of filter there are some problems: first -a single pixel with a very unrepresentative value can significantly affect the mean value of all the pixels in its neighbourhood, second when the filter neighbourhood straddles an edge, the filter will interpolate new values for pixels on the edge and so will blur that edge. This may be a problem if sharp edges are required in the output. Both of these problems are tackled by the median filter, which is often a better filter for reducing noise than the mean filter, but it takes longer to compute (Fig. 5 ).
Filtering
• The median filter is normally used to reduce noise in an image, somewhat like the mean filter. However, it often does a better job than the mean filter of preserving useful detail in the image. Simple median (or alpha-mean trim) filtering applies a filter vertically along each trace, with the primary purpose of eliminating high frequency noise spikes. The median is a more robust average than the mean and so a single very unrepresentative pixel in a neighbourhood will not affect the median value significantly. Since the median value must actually be the value of one of the pixels in the neighbourhood, the median filter does not create new unrealistic pixel values when the filter straddles an edge. For this reason the median filter is much better at preserving sharp edges than the mean filter. In general, the median filter allows a great deal of high spatial frequency detail to pass while remaining very effective at removing noise on images [6] . One of the major problems with the median filter is that it is relatively expensive and complex to compute. This image is then multiplied with the filter function in a pixel-by-pixel fashion:
where F (k, l) is the input image in the Fourier domain, H(k, l) the filter function and G(k, l) the filtered image. To obtain the resulting image in the spatial domain, G(k, l) has to be re-transformed using the inverse Fourier Transform.
There are basically three different kinds of filters: lowpass, high-pass and band-pass filters.
• A low-pass filter attenuates high frequencies and retains low frequencies unchanged. It is used to re- • A high-pass filter, on the other hand, removes the low frequency signal content in the temporal dimension.
It is used to remove low frequency data and horizontal banding due to system noise. It yields edge enhancement or edge detection in the spatial domain, because edges contain many high frequencies. Areas of rather constant grey-level consist of mainly low frequencies and are therefore suppressed.
• A band-pass attenuates very low and very high frequencies, but retains a middle range band of frequencies. Band-pass filtering can be used to enhance edges (suppressing low frequencies) while reducing the noise at the same time (attenuating high frequencies).
Spatial Filters
Spatial filters alter the shape of adjacent traces in the horizontal (spatial) direction to enhance or eliminate certain frequencies and features in the section.
• Simple running average takes the mean of the number of traces. This filter is smoothing data horizontally (emphasizes flat-lying reflectors and at the same time suppressing dipping reflectors).
• Average subtraction -takes the mean of number of traces in window and subtracts it from each individual trace in sequence so it suppresses flat-lying reflectors.
• Background Subtraction (average subtraction) applies a running-average background subtraction to the data, subtracting the mean trace of a specific number of traces from each trace in the defined window, with the purpose of removing horizontal banding in profiles (due to system noise, electromagnetic interference, and surface reflections), thereby enhancing dipping events and blurring horizontal events.
• Horizontal (simple running average) filtering applies a running average filter horizontally, with the primary purpose of retaining flat-lying and low-dipping events while suppressing sharp dipping events and diffractions.
• Binomial (simple running average) filtering applies a binomial running average filter horizontally, with the primary purpose of retaining flat-lying and lowdipping events while suppressing sharp dipping events. It differs from the horizontal filter in that central traces in the running average window are weighted heavier than outside traces.
• Low-pass filtering removes the high frequency signal content in the temporal dimension. It is used to enhance flat-lying events and slowly-changing features, and suppress dipping events. It may also aid in removing horizontal banding due to low-frequency interference. The low-pass and high-pass spatial filters tend to produce the same results as the low-pass and high-pass temporal filters respectively.
• High-pass filtering removes the low frequency signal content in the temporal dimension. It is used to enhance localized features and suppress flat-lying and (Fig. 6 ).
• Median (or alpha-mean trim) filtering applies a filter vertically along each trace, with the primary purpose of eliminating high frequency noise spikes and isolated faulty traces.
• 
Image Processing Techniques
In this part of the article some methods for enhancing radargram images are presented. The image processing methods in input have an image and on output create another image [7] . This methods supress or emphasis some details, reduce noise in image, make operation of smoothing, contrast stretching and edge enhancement. The common way to enhance images is changing the intensity values of pixels, i.e. by stretching -using special intensity mapping function for the whole image or special region of pixels.
Gray-scale Morphology
The most common binary image operations are called morphological operations, since they change the shape of the underlying binary objects [7] .
• In this process the first level functions as dilation and erosion and the second level functions as opening and closing are used. By appropriate chain of this operation thinning, boundary extraction and filling can be implemented.
• Morphological Gradient is a procedure for highlighting level contours by calculating in the simplest form the difference between the highest and the lowest pixel intensity in a specified window.
• Feature extraction -orthogonal transformations, such as discrete cosine transform or discrete Fourier transform can be used.
Contrast Enhancement
• Morphological Contrast Enhancement can be implemented by using opening and closing operations realized on the original image. The opening and closing operations tend to leave large regions and smooth boundaries unaffected, while removing small objects or holes and smoothing boundaries. They are both derived from the fundamental operations of erosion and dilation. The basic effect of an opening is somewhat like erosion in that it tends to remove some of the foreground (bright) pixels from the edges of regions of foreground pixels. Closing is similar in some ways to dilation in that it tends to enlarge the boundaries of foreground regions in an image.
• Contrast stretching (often called normalization) is a simple image enhancement technique that attempts • Histogram Equalization -the main goal of this procedure [9] is to obtain the image with uniform histogram, so it is necessary to find an intensity mapping function f(I), such that the resulting histogram is flat. Sometimes it might be preferable to apply locally adaptive histogram equalization (Fig. 7) .
Conclusion
In this paper we present some basic procedures for preprocessing GPR data sets. This methods will be the part of automatic approach for detection of geological features in GPR radargram. Interpretation of GPR data are invariably based on subjective analyses of reflection patterns.
Such analyses are heavily depended on the interpreter's experience. There is no one sequence of processing step for all GPR applications. The operator should be very critical and careful in choosing the appropriate processing scheme. What is very important, the same scheme should be used for all traces in localization. The recommendations by Cassidy [6] are helpful in deciding the order in which processing steps can be applied. At first GPR image should be properly denoised. In our opinion by using such simple methods, information about interesting and promising sections of radargram can be obtained.
